An efficient synthesis of 4,4'-(phenylmethylene)bis(1H-pyrazol-5-ol)-3-carboxylates is achieved by one pot pseudo five-component reaction of phenylhydrazine, acetylenedicarboxylates and aromatic aldehydes in the presence of nano-NiZr 4 (PO 4 ) 6 at 60°C in water. Nano-NiZr 4 (PO 4 ) 6 has been characterized by powder X-ray diffraction (XRD) and scanning electronic microscopy (SEM). Use of simple and readily available starting materials, excellent yields in short times, reusability of the catalyst, little catalyst loading and simple operational procedures are some of the important features of this protocol.
Introduction
Pyrazoles constitute a significant family of heterocyclic compounds for their potential pharmaceutical applications such as anti-cancer [1] , antidepressants [2] , antiviral [3] , antiinflammatory [4] , anti-malarial [5] , antibacterial [6] , antiallergic [7] , activities. Efficient creation of complex molecules with chemical and biological importance is a challenging point and has gained substantial interest in recent years [8] [9] . Among numerous synthetic methods, the multicomponent reactions (MCRs) are valuable for the expedient creation of chemical libraries of drug-like compounds with high levels of molecular complexity [10] [11] .
Therefore, the development of new MCR-based methodologies can be regarded as one of the most important facets of organic chemistry [12] . The synthesis of 1-phenyl-1H-pyrazol-5-ols has been reported using MCR in the presence of Ce(SO 4 ) 2 .4H 2 O [13] , Silica-bonded Ssulfonic acid [14] , 1,3,5-tris(hydrogensulfato) benzene [15] , 1-sulfopyridinium chloride [16] , acetic acid [17] and nano-CeO 2 [18] . Some of these methods have certain disadvantages, including long reaction times, use of toxic and non-reusable catalyst and operate of specific conditions [19] [20] . The possibility of accomplishing multicomponent reactions in aqueous media with a heterogeneous catalyst could expand their efficiency from cost-effectiveness and environmental points of view [21] [22] . Water has emerged as a versatile solvent for organic reactions due to it is an eco-friendly, safe, cheap, nontoxic, and economical reaction medium [23] . MZr 4 (PO 4 ) 6 structure ceramics have been interested because of their unique properties and potential applications in diverse fields [24, 25] . According to the above results we used nano-NiZr 4 (PO 4 ) 6 for the synthesis of pyrazole derivatives. Ideally, nanoscale heterogeneous catalysts should present higher surface areas, which are chiefly responsible for their catalytic activity [26] [27] . The use of highly efficient, economic and recoverable catalysts, with low or nil toxicity is essential from the green chemistry perspective [28-30].
Herein we wish to report a highly efficient procedure for the preparation of 4,4'-(phenylmethylene)bis(1H-pyrazol-5-ol)3-carboxylates using nano-NiZr 4 (PO 4 ) 6 in water (Scheme 1).
Scheme 1 2. Experimental

Chemicals and Instruments
All organic materials were purchased commercially from Sigma-Aldrich and Merck and were used without further purification. A multiwave ultrasonic generator (Sonicator 3200; Bandelin, MS 73, Germany), equipped with a converter/transducer and titanium oscillator (horn), 12.5mm in diameter, operating at 20 kHz with a maximum power output of 200 W, was used for the ultrasonic irradiation. The ultrasonic generator automatically adjusted the power level. All melting points are uncorrected and were determined in capillary tube on Boetius melting point microscope. FT-IR spectra were recorded with KBr pellets using a Magna-IR, spectrometer 550 Nicolet. NMR spectra were recorded on a Bruker 400 MHz spectrometer with DMSO-d 6 as solvent and TMS as internal standard. CHN compositions were measured by Carlo ERBA Model EA 1108 analyzer. Powder X-ray diffraction (XRD) was carried out on a Philips diffractometer of X'pert Company with monochromatized Zr Kα radiation (λ= 1.5406 Å). In order to investigate the particle size and morphology of the synthesis structures nano-NiZr 4 (PO 4 ) 6 , FE-SEM images of the products visualized by a HITACHI S4160 Field Emission Scanning Electron Microscope. to cool to room temperature. The formed precipitate was isolated by filtration. The product was dissolved in hot CH 3 OH and the catalyst was filtered. After cooling, the crude products were precipitated. The precipitate was washed with EtOH to afford the pure product and then dried well under vacuum pump. 
Preparation of nano-
Physical and spectroscopic data Methyl 4-((3-(methoxycarbonyl)-5-hydroxy-1-phenyl-1H-pyrazol-4-yl)(4-nitrophenyl) methyl)-5-hydroxy-1-phenyl-1H-pyrazole-3-carboxylate
Methyl 4-((3-(methoxycarbonyl) -5-hydroxy-1-phenyl-1H-pyrazol-4-yl)(2,3-dichlorophenyl)methyl)-5-hydroxy-1-phenyl-1H-pyrazole-3-carboxylate (4c):
White powder; m.p. 
Methyl 4-((3-(methoxycarbonyl) -5-hydroxy-1-phenyl-1H-pyrazol-4-yl)(2-chlorophenyl)methyl)-5-hydroxy-1-phenyl-1H-pyrazole-3-
Methyl 4-((3-(methoxycarbonyl) -5-hydroxy-1-phenyl-1H-pyrazol-4-yl)(4-methylphenyl)methyl)-5-hydroxy-1-phenyl-1H-pyrazole
Results and discussion
The XRD patterns for nano-NiZr 4 (PO 4 ) 6 nanoparticles are shown in Figure 1 
Fig. 2.
To begin this study, we chose phenylhydrazine (2 mmol), dimethyl acetylenedicarboxylate (2 mmol) and 4-nitrobenzaldehyde (1 mmol) as the standard substrates to search for suitable reaction conditions. Various solvents including DMF, Water, CH 3 CN, EtOH, and CHCl 3
were optimized (Table 1) .
After systematic screening was made, we found that, in the presence of nano-NiZr 4 (PO 4 ) 6 , substrates were transformed into the desired product in an excellent yield. When 0.2, 0.4, and 0.6 mol% of nano-NiZr 4 (PO 4 ) 6 were used, the yields were 87, 94, and 94 % respectively.
Therefore, performing the reaction with a higher catalyst loading (0.6 mol%) had no significant effect on yield. In this reaction, the use of polar solvents favors the reaction mechanism. The catalyst showed best activity in water compared to other organic solvents such as EtOH, CH 3 CN, and CHCl 3 . Water with a dielectric constant of about 80 carried out reactions in good to excellent yields. Also, the activity and stability of the nano-NiZr 4 (PO 4 ) 6 in water is maximal compared to other solvents for the synthesis of 4,4'-(phenylmethylene)bis(1H-pyrazol-5-ol)3-carboxylates. With these optimized conditions in hand, we examined the scope of this multicomponent reaction by using various easily available aldehydes (Table 2) . Table 1   Table 2 The mechanism of these domino reactions is proposed in Scheme 2. This proposed mechanism was supported by literatures [14, 15] .
Scheme 2
In the recycling procedure of nano-NiZr 4 (PO 4 ) 6 , the product was dissolved in hot CH 3 OH and the catalyst was filtered. The solution was filtered and the heterogeneous catalyst was recovered. The recovered nano-NiZr 4 (PO 4 ) 6 was washed four to six times with chloroform and ethyl acetate and dried at 90 ºC for 5 h. We investigated recycling of the nanoNiZr 4 (PO 4 ) 6 as catalyst for the synthesis of 4a. The results showed that nano-NiZr 4 (PO 4 ) 6 can be reused several times with a slightly decreased activity (run 1, 94 %; run 2, 94 %, run 3, 93%; run 4, 93 %, run 5, 92%, run 6, 92%, run 7, 91%, run 8, 91%, run 9, 90%).
Conclusions
We described an efficient and one-pot synthesis of 4,4'-(phenylmethylene)bis(1H-pyrazol-5- 
